Introduction
Mixed ligand metal complexes are known to play a significant role in biological systems such as galactose oxidase (GO), chlorophyll, vitamin B 12 , laccases, and hemoglobin.
1 Pyrimidine, which is an integral part of DNA and RNA, imparts diverse pharmacological properties as an effective bactericide and fungicide.
2−4
Many pyrimidine derivatives are known to exhibit analgesic, 5 antihypertensive, 6 antitumor, 7 antimalarial, magnetic susceptibility, and electronic, infrared, and mass spectral analysis. All the complexes encouraged us to study their antimicrobial activities against gram-positive and gram-negative bacteria and fungi to give an insight into the steric and electronic effects on the biological activities of ligands with various substituents in the aromatic ring and their complexes. We report theoretical calculations of the Schiff bases mixed ligand complexes as well as their experimental data.
Results and discussion
The general view of HL 1 is shown in Figure 1 . HL 1 was prepared by the condensation of one mole of 5-chloro-2-hydroxyacethophenone with one mole N-aminopyrimidine-2-on in like manner to the preparation of the ligand HL in the literature. 15 The 
IR spectra
Previously it was reported that a broad band in the range of 3205-3125 cm −1 free v (OH) stretching frequencies was observed in the spectra of HL 1 and HL, respectively, but in the newly synthesized mixed ligand metal complexes these bands were not observed. The infrared spectra of the ligands HL 1 and HL display a sharp band around 1609 cm −1 , which was assigned to v(C=N) stretching. 17 Actually, this band was shifted to lower (9-11 cm −1 ) wavenumbers in the mixed ligand Co(II) and Mn(II) complexes, indicating the participation of azomethine nitrogen in the coordination to metal ion. 18 The ν (C=S) at 1208 and 737 cm −1 in the free ligand shifts to higher frequency after complexation, due to coordination with the sulfur atom of the thione group for all the complexes (Figure 2a) . However, the ν (C=N) imine band in the spectra of Ni(II) and Cu(II) complexes remains at almost 1607 cm −1 , suggesting that the imine group does not take part in complexation ( Figure 2b ). In the spectra of all the mixed ligand complexes, the phenolic band v(C-O) is shifted to lower and higher 
Mass spectra
In the mass spectra of the mixed ligand metal complexes, peaks were attributable to the molecular ions: m/z: 
Electronic spectra and magnetic measurements
[Cu(L 1 L)], [Co(L 1 L)]· 4H 2 O, [Ni(L 1 L)]·4H 2 O,
23,24
The Mn(II) complex has a magnetic moment of 5.44 B.M., as expected for high spin distorted octahedral geometry around the central metal ion. 25 The magnetic moment value of 0.52 B.M. for the Ni(II) complex suggests a square planar environment of the structure. 
Proton and carbon nuclear magnetic resonance spectra
DMSO was used as a deuterated solvent to measure the 1 H NMR and 13 C NMR spectra of the ligand (HL 1 ).
A sharp singlet was observed at about δ 10.68 ppm due to the phenolic proton of the ligand (HL 1 )
.
The singlet at δ 9.97 ppm is the proton of the pyrimidine ring. In the spectrum of the Schiff base aromatic protons appeared as a multiplet band between δ 7.01 and 7.61 ppm. The 13 C NMR spectrum of HL 1 indicated a signal at 156 ppm, which may be attributed to the C=N group. 28 The spectrum of HL 1 indicated signals in the region 110-147 ppm, due to aromatic carbons. The spectrum of the ligand indicated signals at 195 ppm and 158 ppm, which may be attributed to the C(7)=O and C(2)=O groups, respectively. Tables 1 and 2 . The biological activity of HL ligand and its metal complexes has been discussed in a previous manuscript. Antiyeast activity values of HL 1 ligand and
Biological results

Biological activity of the newly prepared ligand and 4 mixed ligand complexes
[Ni(L 1 L), Mn(L 1 L), Cu(L 1 L),
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Co(L 1 L)] toward 3 Candida species are given in Table 2 . The results of the antifungal assay exhibited that merely Co(L 1 L) complex had high antifungal activity against 3 Candida strains (MICs 20-40 µ g mL −1 ).
However, some compounds showed low antiyeast activity, with MICs between 160 and 640 µ g mL −1 .
As a result, the antimicrobial results suggested that Co(L 1 L) compound had good antifungal activity against the tested Candida species but did not have good antibacterial activity against bacterial strains.
Molecular modeling results
It is known that geometry optimized structures and Mulliken atomic charge distribution are very important for the present complexes, as given in Figure 7 and Table 3 . The complexes that include Ni(II) and Cu(II) metals were computed to have square planar geometry at heterocyclic moieties of ligands ( Figures 7A and 7B, respectively), based on the results of electronic spectra and magnetic measurements. The Schiff bases ligand HL was oriented perpendicular to the ligand HL 1 . The Co(II) and Mn(II) heterocyclic mixed ligand complexes were found to have six coordinated octahedral and distorted octahedral geometry at the phenyl and pyrimidine moieties of both ligands, respectively ( Figures 7C and 7D ). In the meantime, Table 3 exhibits the importance of a representative charge distribution in the complexes. Figure 8 also summarizes the charge distribution of the different metal complexes. As seen in Figure 8 , the net charges on Ni, Cu, Co, and Mn are about 0.731, -0.0364, 1.932, and 0.730, being lower than the formal charge +2. These cases are a consequence of charge donation from coordinating sulfur, oxygen, and nitrogen atoms. A prominent point of these data is that the Cu compound shows a different trend, when we compare the Ni, Co, and Mn compounds. This arises from the diamagnetic property of Cu metal in the complex.
Experimental 3.1. Physical measurements
Elemental analyses (C, H, N, S) were performed using a Thermo Scientific Flash 2000 elemental analyzer. UVVis spectra were recorded on a PG Instruments T80+UV/Vis spectrometer. The samples were dissolved in DMF and the spectra were recorded in the 190-1100 nm range. The magnetic moments of the complexes were measured by the Gouy method on a Sherwood Scientific model instrument. The IR spectra were recorded in the range 4000-400 cm −1 on a Shimadzu FTIR (8000) model spectrometer. Molar conductances of the mixed Schiff base ligand metal complexes were determined in DMF at room temperature by using a Thermo Scientific conductivity meter. 
Biological assay
Compounds
The newly synthesized chemical substances and standard antibiotics were dissolved in DMSO (12.5%) at an initial concentration 1280 µ g mL −1 and then two-fold serial dilutions of all tested chemicals were prepared in approved broth medium.
Microorganisms
The tested microorganisms using in the study were supplied from the American Types Culture Collection and Refik Saydam Hıfsısıhha Research Institute, Ankara, Turkey.
Antimicrobial procedures
Antibacterial efficiency of all the chemicals was screened toward the tested bacterial strains as summarized by the guidelines in the NCCLS proposed standard document M7-A6 with the conventional microdilution procedure. 
Molecular modeling
In an attempt to gain a better insight into the molecular structure of the ligands and their complexes, geometry optimization was carried out using density functional theory at B3LYP/6-31G* level for the ligands and the semiempirical method at PM6 with no symmetry constrains for the complexes as implemented in Gaussian 09.
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Conclusion
New Ni(II), Cu(II), Co(II), and Mn(II) heterocyclic mixed ligand complexes containing a pyrimidine ring were synthesized and characterized. Analytical data, electronic spectra, and magnetic susceptibility, IR mass spectral, and molecular modeling data reveal square planar and distorted octahedral geometry for the complexes. Various attempts such as crystallization using mixtures of solvents, and low temperature crystallization were unsuccessful to obtain a single crystal for X-ray crystallography. However, the analytical, spectroscopic, and magnetic data enable us to predict the possible structure of the synthesized complexes. 
